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The vertical aerosol type distribution above Israel -
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Abstract.

For the first time, vertically resolved long-term lidar measurements of the aerosol distribution were taken-conducted in
Haifa, Israel. The measurements were performed by a Polly*™ multi—-wavelength Raman and polarization lidar. The lidar was
measuring continuously over a 2 year period from March 2017 to May 2019. The resulting data set is a series of manually
evaluated lidar optical property profiles. To identify the aerosol types in the observed layers, a novel aerosol typing method that
was developed at TROPOS, is used. This method applies optimal estimation to a combination of the lidar-derived intensive
aerosol properties to determine the statistically most-likely contribution per aerosol component in terms of relative volume.
A case study that shows several elevated aerosol layers illustrates this method and shows e.g,, that coarse dust particles are
observed up to 5 km height over Israel. From the whole data set, the seasonal distribution of the observed aerosol components

over Israel is derived. Throughout all seasons, i i ; Hemrees — — i —coarse

—and hygroscopically grown continental aerosol
that-was-were observed. These particles originate from continental Europe and were transported over the Mediterranean Seawas
observed—. Sea salt particles were observed frequently due to the coastal site of Haifa. The highest contributions of coarse

spherical particles are present in summer, autumn, and winter During spring, mostly coarse non-spherical particles that are
attributed to desert dust were the-mosthy-observed-particlesobserved . This is consistent with the distinct dust season in Spring

spring in Israel. An automated time-height-resolved air mass source attribution method identifies the dustsourees-origin of the

spherical particles like sea salt

dust in the Saharan and the Arabian deserts. Fine mode spherical particles also contribute significantly to the observed aerosol

mixture during the-most seasons. These particles originate mainly from the industrial region at the bay of Haifa.

1 Introduction

Automated, continuous height-resolved measurements were performed by the multi-wavelength Raman and polarization lidar
PollyXT of TROPOS for two years from March 2017 until May 2019 at the Technion in Haifa, Israel, in collaboration with
the Viterby Faculty of Electrical and Computer Engineering. This is the first long-term observation of the vertical aerosol

distribution in Israel. Over the last decades, measurements of the aerosol distribution over Israel were mainly performed
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by ground-based in situ measurements (Ganor et al., 1998; Kocak et al., 2004) or by using satellite and sun photometer
measurements (Israelevich et al., 2003).

The aerosol types that were observed frequently are marine aerosol, i.e. sea salt, urban and industrial pollution, and mineral
dust from the surrounding deserts. Also biomass burning aerosol produced by bush fires can play a role (Heese et al., 2017). The
source for marine aerosol is, of course, the Mediterranean Sea due to the vicinity of the site to it. In general, the particles have
a radius from 0.01 um to 100 um in the remote marine boundary layer and the large particles consist mainly of sea salt (Grof3
et al., 2013), whereas particles with a radius less than 0.2 um are composed of non-sea-salt sulphate. Because of high relative
humidity above 80%, the particles are solution droplets and have a spherical shape in the marine boundary layer (Charlson and
Heintzenberg, 1995). However, according to Haarig et al. (2017b) the spherical sea salt particles become cubic-like when the
relative humidity decreases below 45% and their optical properties will change accordingly. The source of urban and industrial
aerosol is the metropolitan area of Haifa with numerous electrical and chemical industries and oil refineries settled in the
city and its surrounding area (Ganor et al., 1998). This aerosol type is especially existent in the lower part of the troposphere
(Charlson and Heintzenberg, 1995). The particles are emitted directly into the atmosphere (primary aerosols) or can be formed
by chemical reactions in the atmosphere (secondary aerosol).

The two main sources for dust that are important for the Eastern Mediterranean are the Sahara desert and the deserts on
the Arabian peninsula (i.e., Kubilay-et-al-(2000)Kubilay et al. (2000); Nisantzi et al. (2015)). The dust transport is governed
by seasonal variations that are caused by the typical synoptical systems of this region (Israelevich et al., 2003). A study based
on long-term observation in Beer Sheba from 1967 to 2003 by Dayan et al. (2008) quantifies the seasonal distribution of dust
observations and accumulated dust from visibility observations and ia—sttt-in-situ measurements. They found that dust events
occur mostly during the period from December to May and could correlate the observed dust events with the pressure systems
that appear frequently during winter and spring: the Cyprus low and the Sharav cyclone. Both contribute substantially to the
transport of dust towards Israel. Other typical synoptic systems are the Red-Sea trough, the high pressure over Israel, high
pressure to the east of Israel, and the Persian trough. These weather patterns correlate less with the dust observation in Israel.
Nevertheless, so far, no measurements of the vertical aerosol type distribution over Israel are available and knowledge on this
topic is little.

Fhus;ia-In this paper, we analyse vertically resolved aerosol measurements performed by lidar and present a new retrieval
scheme developed at TROPOS (Floutsi et al., 2019) in order to identify the aerosol types observed above Haifa. This retrieval
scheme applies the optimal estimation method (OEM) to a combination of lidar-derived intensive aerosol properties (i.e.,

concentration-independent), to determine the statistically most-likely contribution per aerosol component in terms of relative

volume.
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This-The paper is structured as follows: In the next chapter, the Polly*™ instrument and-at the measurement site are-deseribed-

In—chapter 3;a-—case-stady—with-multiple-aeresel-Hayers-is presented and the evaluation—of-the-applied methods for the data
evaluation are introduced: the lidar optical property profilesfrom-the-idar- measturementsis-diseussed—The-, the novel aerosol

typing methodis-thenapplied-to-the-casestady-inchapter4-In-chapter5;the-originof the-observed-acrosol-typesisidentified by

an-scheme, and the air mass source attribution method. An application of these methods is shown for a case study of multiple
aerosol layers of different aerosol types. In the following, the results of the aerosol typing and air mass source attribution

method-that-uses-the-geographical-sources-and-the-terrain-the-corresponding-air-masses-passed-over—In-chapter-6for the entire

mixture-is-quantified—over Haifa is derived. Finally, a summary-discussion and an outlook conclude the paper.

2 Polly**-atthe Haifa siteInstrumentation and Methods

2.1 Polly*T lidar and optical property profiles

The multi-wavelength Raman and polarization lidar Polly*™ of TROPOS was installed in Haifa in March 2017 on the rooftop
platform on a Technion building (Fig. 1). The measurement site is located at 32.8° N, 35.0° E at a height of 230 m above sea
level. Haifa is a coastal site but the measurement site is located on one of the many hills of the city (Fig. 2). The lidar was
deployed there for more than two years until May 2019 as part of the PollyNET (Baars et al., 2016), a network of permanent
and campaign-based Polly*T stations.

The first generation of the multi-wavelength Raman and polarization lidar Polly*™T of TROPOS (Althausen et al., 2009) was
upgraded in 2014 to a new generation Polly*™ instrument, as described by Engelmann et al. (2016). It has now the following
features: it emits laser pulses at the three Nd: YAG wavelengths (1064, 532, and 355 nm), and has in total 12 detection channels
in two receivers: 8 in the far-range receiver and 4 in the near-range receiver. The far-range receiver consists of three elastic
backscatter channels at 1064 nm, 532 nm, and 355 nm, two Raman channels at 387 nm and 607 nm. Two channels measure
the eross—potarized-cross-polarized signals at 355 and 532 nm, and one channel measures the vibrational-rotational Raman
inelastic signal from water vapor at 407 nm. The near-range receiver extends the signals of the two elastic channels at 355 nm
and 532 nm and the two Raman channels at 387 nm and 607 nm down to a distance of 120 m above the lidar. The vertical
resolution of the measurements is 7.5 m and the data are stored every 30 s.

From these measurements, a set of 3+2+2+1 optical property profiles is available-derived to allow for the proper charac-
terization of particles in the atmosphere: 3 particle backscatter coefficient profiles, 2 particle extinction coefficient profiles, 2
particle linear depolarization ratio profiles, and 1 water vapor profile (Baars et al., 2016). The quality of the data is assured by
several calibration routines that are required by the European Lidar network (EARLINET) standards in the frame of ACTRIS
(Freudenthaler, 2016; Belegante et al., 2018).



Figure 1. Polly*™ on the rooftop platform at Technion, Haifa, in March 2017. The instrument is placed inside a protective cage to avoid
unauthorized access. On top of the cage, a radar is monitoring the sky for airplanes and an AERONET sun photometer is measuring the
aerosol optical thickness. In the background, the Northern tips of the Carmel mountain range and the tower of the University of Haifa can be

seen.

Figure 2. Map of Haifa: The location of the measurement site at the Technion is marked.
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Table 1. Pre-defined aerosol components with their optical properties at 355 nm / 532 nm

Aerosol type Lidar ratio (sr)  depolarization ratio (%)
fine, spherical, absorbing (FSA) lgg\{\gi w\
coarse, spherical (CS) 17719 3/3.
fine, spherical, non-absorbing (FSNA 62/59 3/3.
coarse, non-spherical (CNS 581754 24/33
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2.2 Aerosol typing and discrimination scheme

To determine the aerosol types observed above Haifa by the lidar, a novel retrieval scheme was used that is currently under
development at TROPOS (Floutsi et al., 2019). This aerosol typing scheme applies the optimal estimation method (OEM

to a combination of lidar-derived intensive aerosol properties (i.e., concentration-independent), to determine the statisticall

2

most-likely contribution per aerosol component in terms of relative volume, weighted against the microphysical and optical
propetties of the different acrosol components that are predefined. To be more specific, the intensive properties that are used in
the retrieval are the lidar ratio and the particle linear depolarization ratio at one or both wavelengths 355 and 532 nm.

Once a layer of interest has been identified and evaluated (in terms of optical properties), it is assumed that it consists of an
external mixture of different aerosol components, occupying the total volume of the layer. In basic terms, OEM starts with an
a priori state (assumed contribution per aerosol component - the aerosol components are described below), which is iteratively.
modified (using the Levenberg — id-Ma : idar prof

method, Rodgers (2000)) such that the modelled intensive optical properties match those observed by the lidar (within error

range) resulting in the most probable estimated state (relative volume contribution per aerosol component). Then, this optimal

solution undergoes a Pearson’s chi-squared test to ensure that the optimal solution is statistically significant at 95% confidence
interval.

The acrosol components considered to contribute to an aerosol mixture in this OEM-based typing scheme are shown in
Tab. 1. Two coarse mode and two fine mode aerosol components are considered: fine mode, spherical, (strongly) absorbing
particles (FSA) can be associated with aerosol originating from direct combustion processes. Coarse mode, spherical particles
(CS) can be sea salt or ammonium sulfate aerosol particles. Fine mode, spherical, non-absorbing particles (FSNA) are associated
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not resolvedby the meteorologicadatausedfor the transportsimulation(e.g. Heese et al., 2009; Tesche et al., 2009bg

140 softwarepackagel RACE js availableat Zenodo(Radenz, 2021).

In this chapterpneexamplesf-the-observatioraf-the describednethodsare appliedto a casestudywhenmultiple aerosol






